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ABSTRACT 


This paper presents a comprehensive study of WiMAX-IEEFE 802.16 
standards and details a synchronization method for an OFDM 
communication system within a channel. In a multipath fading 
environment, the signal traverses through free space, exhibiting 
distinct characteristics in both the time and frequency domains. To 
achieve optimal spectral efficiency and bit error rate (BER) at the 
receiver, a precise synchronization model is _ essential. 
Synchronization requirements vary with the channel conditions, 
traffic patterns, and path loss components characteristic of different 
environments, such as urban and suburban areas. Timing 
synchronization identifies data burst arrivals and symbol boundaries, 
while frequency synchronization aligns the local oscillator with the 
carrier frequency. The prevalence of wireless communication 
systems globally underscores the relevance of this study. WiMAX 
operates at high data rates and, being a wireless technology, is 
susceptible to fading and attenuation due to noise, inter-symbol 
interference, and inter-carrier interference. This paper evaluates 
various preamble detection methods, including Schmid! and Cox 
maximum normalized correlation (SC), maximum normalized 
correlation using a geometric mean (GM), minimum mean squared 
error (MMSE), and maximum likelihood (ML). The analysis is 
conducted through an AWGN communication channel, employing 
QAM with OFDM modulation techniques. Performance is assessed 
based on sample versus detection values and MATLAB-R3013a 
simulations. 
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The IEEE 802.16 group was formed in 1998 to 
develop an air interface standard for wireless 
broadband. The group’s initial focus was the 
development of a LOS-based point-to- multipoint 
wireless broadband system for operation in the 
10GHz-66GHz millimeter wave band [1, 2]. The 
resulting standard-the original 802.16 standard, 
completed in December 2001-was based on a single 
carrier physical (PHY) layer with a burst time division 
multiplexed (TDM) MAC layer [3-5]. WiMAX 
technology will support traffic based on transport 
technologies ranging for Ethernet, Internet protocol 
(IP), and asynchronous transfer mode (ATM), the 
forum will only certify the IP-related elements of the 
802.16 products. A critical aspect of the research is the 


emphasis on synchronization to achieve high spectral 
efficiency and a low bit error rate (BER) at the receiver 
end. The need for accurate synchronization is 
underscored by its dependency on several factors, 
including channel conditions, traffic patterns, and path 
loss components specific to different environments, 
such as urban and suburban settings. Timing 
synchronization is pivotal for detecting the arrival of 
data bursts and determining symbol boundaries, 
whereas frequency synchronization is necessary for 
aligning the local oscillator with the carrier frequency 


[6]. 


The study conducts its analysis through an Additive 
White Gaussian Noise (AWGN) communication 
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channel [7-10], utilizing Quadrature Amplitude 
Modulation (QAM) with Orthogonal Frequency- 
Division Multiplexing (OFDM) techniques [11-13]. 
The performance of the discussed methods is evaluated 
based on sample versus detection values, with results 
generated through MATLAB-R3013a simulations. 
MIMO-OFDM (Multiple Input Multiple Output - 
Orthogonal Frequency Division Multiplexing) 
technology has played a transformative role in 
conventional wireless communication systems. Its 
principles are increasingly being explored in emerging 
fields, including quantum dots cellular automata 
(QDCA) nanoelectronics. Quantum Dots Cellular 
Automata [14] is a promising technology in the realm 
of nanoelectronics [15]. Unlike traditional transistor- 
based electronics, QDCA relies on the position of 
electrons in quantum dots to represent binary states 
[16]. This approach can significantly reduce power 
consumption and increase processing speed, making it 
a key technology for future nanoscale devices. 


B. PREAMBLE DETECTION METHODS 
The widespread adoption of wireless communication 
systems globally highlights the importance of this 
study. WiMAX, known for its high data rates, faces 
challenges like signal fading and attenuation caused by 
noise, inter-symbol interference, and inter-carrier 
interference. To address these challenges, the paper 
explores several preamble detection methods, such as 
[4,5]: 
> Schmidl and Cox Maximum Normalized 
Correlation (SC): A technique that uses correlation 
to detect preambles in the presence of noise. 


> Maximum Normalized Correlation Using a 
Geometric Mean (GM): This method enhances the 
detection process by employing a geometric mean 
for normalization. 


> Minimum Mean Squared Error (MMSE): A 
statistical approach aimed at minimizing the mean 
squared error in the detection process. 


> Maximum Likelihood (ML): A method based on 
the principle of likelihood maximization to achieve 
optimal detection performance. 


C. PREAMBLE DETECTION 

Mobile WiMAX is a wireless protocol designed for 
broadband wireless access that employs Time Division 
Duplex (TDD) Orthogonal Frequency Division 
Multiple Access (OFDMA). The WiMAX frame 
structure initiates with a preamble symbol, which is 
crucial for establishing both the frame timing and the 
initial symbol timing necessary for mobile devices. In 
mobile WiMAX systems, the detection of the 
preamble symbol is typically achieved using a delay 
correlation detector. This method is integral to 
synchronization, which determines the start of the 


frame and the received signal. The process of 
synchronization measures the initial symbol timing, 
ensuring that the system is prepared to receive and 
process the incoming data accurately. 


Synchronization in Mobile WiMAX [3] is facilitated 
by the preamble, which involves adding a specific 
stream of bits to the data. These bits, known to the 
receiver, do not carry actual data but serve to 
synchronize the receiver with the transmitter [7]. By 
increasing the length of the data with these known bits, 
the system ensures that the receiver can correctly 
identify the start of the frame and the timing of each 
symbol [10], thereby enhancing the overall reliability 
and efficiency of the communication process. 


D. PACKET DETECTION USING CYCLIC 
PREFIX 

In Orthogonal Frequency Division Multiplexing 
(OFDM) systems, packet detection is often achieved 
through auto-correlation using a Cyclic Prefix (CP) 
[13]. The Cyclic Prefix is a technique where a copy of 
the last few samples of an OFDM symbol is appended 
to the front of the symbol before transmission. This 
redundancy aids in mitigating inter-symbol 
interference and enhances the detection and 
synchronization processes. 


Structure: Each OFDM symbol is extended by 
appending a copy of its last few samples (the CP) to its 
beginning. 


Purpose: This extension helps in combating multi-path 
fading and allows the receiver to identify the start of 
the OFDM symbol by leveraging the repetitive 
structure introduced by the CP. 


Packet Detection Process: 

High Correlation: The Cyclic Prefix introduces a high 
correlation between the beginning and the end of the 
OFDM symbol. This property is exploited for packet 
detection. Delayed Correlation: By performing a 
delayed correlation between the first few samples of 
the OFDM symbol (corresponding to the CP) and the 
last few samples of the symbol, the receiver can 
effectively detect the start of the packet. 


Auto-correlation Mechanism: 

The receiver continuously performs an auto-correlation 
operation between incoming samples. When the 
correlation exceeds a certain threshold, it indicates the 
presence of the CP and hence, the start of an OFDM 
symbol. As the following advantages of bellow. 
Robust Detection: The method ensures robust 
detection even in the presence of noise and multi-path 
effects. Simplified Receiver Design: The use of CP 
simplifies the design of the receiver by providing an 
easy and efficient way to achieve synchronization. 
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E. SIMULATION PROCESS 

In the Simulation process of the WiMAX-preamble 
detection model, there are some _ steps for 
implementation including data generation, data 
randomization, FEC encoder, interleaver, symbol 
mapper, IFFT modulator at the transmitter side. In 
medial section AWGN channel is used the simulation 
process of the WiMAX-preamble detection model 
involves multiple steps that encompass both the 
transmitter and receiver sides of the communication 
system. Here's a detailed exploration of each step [7]: 


E.1 Transmitter Side 

Data Generation: 

Random data bits are generated, representing the 
information to be transmitted. 


Data Randomization: 

The generated data bits are randomized to reduce the 
occurrence of long sequences of identical bits, which 
helps in reducing signal peaks and improving 
transmission reliability. 


FEC Encoder: 

Forward Error Correction (FEC) encoding is applied to 
the randomized data. Techniques such as 
Convolutional Coding or Reed-Solomon coding are 
used to add redundancy, allowing the receiver to detect 
and correct errors. 


Interleaver: 

The encoded data is interleaved to spread out burst 
errors over multiple codewords. This process improves 
the robustness of the transmission by making error 
correction more effective. 


Symbol Mapper: 

The interleaved data is mapped onto symbols using 
modulation schemes like QAM _ (Quadrature 
Amplitude Modulation). Each group of bits is 
converted into a complex symbol representing a point 
in the constellation diagram. 


IFFT Modulator: 

An Inverse Fast Fourier Transform (IFFT) is applied to 
the mapped symbols to convert the frequency domain 
data into the time domain, forming the OFDM signal. 
This step includes adding a Cyclic Prefix (CP) to each 
OFDM symbol to combat inter-symbol interference. 


Channel Model 

E.2 AWGN Channel: 

The transmitted OFDM signal passes through an 
Additive White Gaussian Noise (AWGN) channel. 
This channel model adds white noise to the signal, 


simulating real-world conditions where noise is always 
present in the communication medium. 


E.3 Receiver Side 

FFT Modulator: 

At the receiver, the received OFDM signal undergoes a 
Fast Fourier Transform (FFT) to convert the time- 
domain signal back into the frequency domain. This 
step is crucial for demodulation and symbol recovery. 


Symbol De-mapper: 

The demodulated frequency domain symbols are then 
de-mapped back into their corresponding bits. This 
process involves determining the nearest constellation 
point for each received symbol and decoding the 
associated bits. 


De-interleaver: 

The de-mapped bits are de-interleaved to reverse the 
interleaving process performed at the transmitter. This 
step restores the original order of bits, which is 
necessary for effective error correction. 


FEC Decoder: 

The de-interleaved bits are fed into the FEC decoder to 
correct any errors that occurred during transmission. 
The decoder uses the redundancy added by the FEC 
encoder to detect and correct errors, ensuring data 
integrity. 


Data De-randomiczer: 

The corrected bits are de-randomized to retrieve the 
original data sequence. This step reverses the 
randomization process applied at the transmitter. 


Data Collection: 

Finally, the de-randomized data is collected and 
analyzed. This output should match the original data 
generated at the transmitter side if the transmission and 
reception processes were successful. 


F. SIMULATION RESULTS 

The simulation process used cyclic prefix to minimize 
the Inter Symbol Interference (ISI) on the basis of 
modulation techniques through Matlab. The 
modulation techniques is used for simulation is 
Quadrature Amplitude Modulation (QAM) with 
consider AWGN channel and check the improve 
performance on the bases of different preamble 
techniques with the help of simulation toll Matlab 
R2013. With the help of above modulation techniques, 
channel and detection techniques, we got simulated 
results between “sample (Time in second) Represent” 
in X-axis verses “detection Value” Represent in Y- 
axis. 
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> Preamble detection in SNR at 0dB and IFFT=128 
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Fig.1: Correlation between different techniques at SNR=0db and IFFT=128 
Table 1: Performance analysis of preamble detection at SNR=0db and IFFT=128 
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Fig.2: Correlation between different techniques at SNR=15db and IFFT=128 
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Table 2: Performance analysis of preamble detection at SNR=15db and IFFT=128 


Preamble | SNR/IFFT 
Technique 


MSC 


15db/128 


MGM 


CONCLUSION 

WiMAX system is a promising technology which can 
offer high speed voice, video and data services at the 
customer’s end. Due to the fact, WiMAX system has 
received immense interest globally for next 
generation wireless communication. An above result 
we analysis preamble technique (MSC, MML, MSC 
and MGM) at different SNR value (OdB and 15dB). 
In the SNR at 35dB have best performance is obtain 
in MML and MGM but some time both result 
suddenly down over performance on IFFT 256. But in 
the MINN techniques has batter than all techniques 
because its performance is smoothly down and rise at 
all point so that MINN is batter techniques. 
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